A new configuration realizing water quality monitoring device using ISFET involving CMOS differential voltage current conveyor (DVCC) based low pass filter free from trans-conductance variation using Low-voltage PMOS bulkdriven cascade current mirror (P MOS BDCCM) current mirrors is proposed. The circuit uses four DVCCs as active elements and together with two capacitors and five resistors as passive elements, only one current mirror. The use of this active component makes the implementation simple and attractive. The functionality of the circuit is tested using Tanner simulator version 15 for a 70nm CMOS process model also the transfer function realization is done on MATLAB R2011a version, the Very high speed integrated circuit Hardware description language(VHDL) code for the same scheme is simulated on Xilinx ISE 10.1 and various simulation results are obtained. Simulation results are included to demonstrate the results.
INTRODUCTION
As population is increased exponentially, monitoring the pH of water resources and sewage system for water pollution is typical and necessary task in today's overdeveloped scenario. Now a day's we have Semiconductor based micro sensors which are easily available and economical and able to react with the ion concentration, in other words activity of the ions. The ISFET has many feature like small size, high sensitivity and single chip integration, also it can be implemented by CMOS technology. These features make it, first choice for VLSI electrochemistry biomedical applications. ISFET has been modeled and has been found several drawbacks related to thermal dependency, long-term drift, linearity, dynamic range [1] . To improve the accuracy in the biomedical applications, it is necessary to find the compensation method to make the applications free from these effects. In order to capture the output response of the ISFET sensors, a readout interface is necessary. In this paper a new readout interface circuit having greater linearity, low power consumption, large bandwidth, by using current mode circuits (CMC's) is proposed.
Conventional water quality monitoring applications are made up of voltage mode circuits (VMC) based on op-amps and OTA's. These applications are suffer from low band widths (BW's) arising due to stray and circuit capacitances. Also the need for low voltage, low power circuits makes these circuits not suitable for water quality monitoring as these circuits required the minimum bias voltage depends on the threshold voltage of the MOSFETs. However, with the advancement in the analog VLSI new analog devices are based on currents are developed called current mode circuits (CMC's). These circuits have a significant advantage of low power, low voltages and can operate over wide dynamic range. These circuits, CMC can offer to the designer large bandwidths, greater linearity, wider dynamic range, simple circuitry and low power consumption. Current feedback op-amps (CFOAs), operational floating conveyors (OFCs) and current conveyors (CCs) etc. are popular CMC configuration and most widely used structure among them is DVCC, extension of the secondgeneration current conveyor (CCII). Hence, we decided to use the DVCC in the proposed scheme.
DVCC
The differential voltage current conveyor (DVCC) is an extension of the second-generation current conveyor (CCII) introduced by Sedra and Smith [2] . Recently, the CCII has been realized using MOS transistors, with the intention to integrate the different CCII circuit applications on one chip [3] [4] . The CCII proves to be a versatile building block that can be used to implement a variety of high-performance circuits which are simple to construct. The DVCC is a fiveport building block as shown in fig. 1 . It has two voltage input terminals: Y1 and Y2, which have high input impedance. The terminal X is a low impedance current input terminal. There are two high impedance current output terminals: Z1 and Z2. 
The DVCC is a versatile building block for applications demanding floating inputs. The CMOS realizations of this block are given. The proposed circuits are insensitive to the threshold voltage variation caused by the body effect. This minimizes the layout area and makes the circuit compatible with standard CMOS processes. The output currents (I Z1 and I Z2 ) follows the input current through terminal X. I Z1 has the same polarity as I X , and I Z2 is in the opposite polarity as I X . The voltage of X terminal is related by the two input voltages:
(1)
CMOS realization of DVCC
The circuit realization of the proposed DVCC (Fig. 2) is based on equalizing the output currents of two wide linear range trans conductors, formed by transistors(M1-M18).In addition, (M19-M22) comprise Class-AB output stage, providing current swings up to ±1mA.Moreover, the cur-rent at the X terminal is transferred to the Z terminal with the aid of(M23,M24), which must be-for a unity current gain matched with (M21,M22), respectively. [5] All transistors are assumed to be operating in saturation. The operation of a wide linear range trans conductor relies mainly on biasing along tail differential pair (M1-M2).
Fig2. Circuit diagram of CMOS based DVCC

DEVICE DESCRIPTION
The proposed scheme is consists of (1) ISFET (2) DVCC based device (3)Current follower (4)Current mirror circuit for the proper biasing of current conveyors (5)LCD display to show the output thus obtained. The circuit diagram of the proposed scheme is shown below, in fig.3 it consists of four DVCC, two capacitors, five resistors, ISFET, Current Mirror One of the drawbacks of the Current conveyor device is that its trans conductance (gm) varies often with the I bias . To make the device free from trans conductance variation we used current mirrors along with the current conveyors which are capable of providing the constant I bias and thereby, making the device free from change of trans conductance effect. Various kinds of Current mirrors are found but, to make the design low power PMOS bulk-driven cascade current mirror is used. The topology of the low-voltage PMOS bulk-driven cascade current mirror is used to control the gm of the DVCC. 
ISFET
An ISFET is an ion-sensitive field-effect transistor which has a property of measuring ion concentrations in solution; when the ion concentration (such as H + ) changes, the current through the transistor will change accordingly [6] . Here, the solution is used as the gate electrode. A voltage between substrate and oxide surfaces arises due to an ions' sheath. The ISFET has the similar structure as that of the MOSFET except that the poly gate of MOSFET is removed from the silicon surface and is replaced with a reference electrode inserted inside the solution, which is directly in contact with the hydrogen ion (H+) sensitive gate electrode [7] .
Fig.4 Sub circuit block of ISFET macro model
At the interface between gate insulator and the solution, there is an electric potential difference that depends on the concentration of H+ of the solution, or so called, pH value. The variation of this potential caused by the pH variation will lead to modulation of the drain current [8] . As a result, the IdVgs transfer characteristic of the ISFET, working in triode region, can be observed similar with that of MOSFET:
The threshold voltage is only different in case of MOSFET. In ISFET, defining the metal connection of the reference electrode as a remote gate, the threshold voltage is given by: 
Where E Ref is Potential of reference electrode, ∆ф 1j is the potential drop between the reference electrode and the solution, which typically has a value of 3mV [9] . Ψ eol is the potential which is pH-independent; it can be viewed as a common-mode input signal for an ISFET interface circuit in any pH buffer solution and can be nullified during system calibration and measurement procedures with a typical value of 50 mV [10] . χ sol is the surface dipole potential of the solvent being independent of pH., the terms in the parentheses are almost the same as that of the MOSFET threshold voltage except that of absence of the gate metal function. The other terms in above equation are a group of chemical potential, among which the only chemical input parameter shown has to be a function of solution pH value. This chemical dependent characteristic has already been explained by the Hal and Eijkel's theory [11] which is elaborated using the general accepted site-binding model and the Gouy-Chapman-Stern model.
Mathematical Modeling
The transfer function of the proposed scheme is calculated as below From (5) and of the proposed circuit is given as
Take the typical values of Passive elements R =R1=R2=R3=R4=1k Ω C1=0.25nF, C2=0.5nF we get, The nyquist and Bode plot of the above transfer function is plotted with the help of MATLAB. 
Fig.6 nyquist plot of the above transfer function
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Figure 5-6 shown above justify that the transfer function of the system is closed loop stable with phase margin of 68.5 degree.
Current Mirror
One of the drawbacks of the Current conveyor device is that its trans-conductance (gm) varies often with the I bias . To make the device free from trans-conductance variation we used current mirrors along with the current conveyors which are capable of providing the constant I bias and thereby, making the device free from change of trans-conductance effect. To make the design low power PMOS bulk-driven cascade current mirror (PMOS BDCCM) is used. The topology of the low-voltage PMOS bulk-driven cascade current mirror is shown in Fig.7 .
Fig.7. PMOS bulk-driven cascade current mirror
Minimum input output voltage drops may be described as 
SIMULATION AND RESULTS
Simulation of a readout interface circuit for water quality monitoring device using ISFET involving DVCC have been carried out on Tanner simulator version 15 for a 70nm CMOS process model. In the proposed circuit, following typical values for passive components were chosen Figure 3 :
The proposed readout circuit is modelled using Tanner Tool Version 15 in 70 nm technology and shown in Fig 8. The output response of the device with respect to the time i.e transient analysis shown in Fig. 9 justify the device is highly linear.
The power results obtained when the device is simulated 70nm technology is shown in the appendix at the end of the paper and it is found that the device consumes the average power of 5.613851e-001 watts.
The device is found stable as shown in the mathematical modelling by the analysis of the transfer function and by bode and nyquist plot. 
FUTURE WORK
This device has a simple architecture, and hence is very suitable for the water quality monitoring application. A significant advantage of this design is that, this circuit is insensitive to the body effect and highly as demonstrated in this circuit. This study can be extended and more improvement in terms of power and size can be achieved at layout level and thus more effective results can be obtained. 
